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OBJECTIVES:
To determine an estimate of accuracy obtain
able from a normal stationary kn. x
5" sheet film press
camera in conjunction with a simple timing device in pro-
cacing star-oriented optical fixes of artificial earth
satellites (Echo I and Echo II).
The optical fixes will be compared to data
produced by the Smithsonian Astrophysical Observatory.
INTRODUCTION;
There is an increased need for directional fixes
produced against a reference background of stars. The accuracy
and understanding of these fixes are extremely important and
constantly being improved. I am concerned with this accuracy
in relation to the amateur and his simple equipment. I have
used equipment (except for the film measurements) that is
easily available to the amateur to test the value of its
optical fixes.
ABSTRACT ;
The project's intent is to determine the accuracy
of simple amateur equipment in producing optical fixes from a
reference star background, a standard 4" x 5" Speed Graphic
camera is used with a timing device consisting of a short
wave radio and a tape recorder to record the ti-ne at exposure.
The accuracy obtained from two out of four observa
tions is within 1800 feet along the orbital path of the sate
llite.
PROCEDURE:
Estimating time of satellite passings - The New
York Times publishes daily in it's weather section the
approximate times and positions of visible satellites.
The estimated times are within + 5 rain.it ,s and estimates
of elevation and direction or orbital pa -oh are also given.
Since it is known approximately where the satellite will
pass, one can familiarize one's self witx the star field
in that area beforehand.
Setup of equipment - A location was picked
having a clear view of the sky away from the city lights
and an accessible source of electrical power-
A k" x 5" Graf lex Speed Graphic press camera
with a 135 mm f/^.7 lens is mounted on a tripod. The
camera has only a cable release attached for camera
stability. Close to the camera is a small table or stand
on which the timing device is placed. The timing device
consists of a tape recorder and a short-wave radio tuned
to either CBU (Dominion Observatory, Canada) or WWV. and'
WWVH (National Bureau of Standards) timing signals. The
radio should be warmed up and tuned to one of the above
stations beforehand in case poor ba-.id conditions are pre
sent and another station must be located The tape recorder's
microphone is placed on or near the lens ooard of the camera,
being sure it does not interfere; with lens or shutter action.
The radio's volume is sufficiently raised to be picked up
by the tape recorder. Tne sound of the shutter opening
will be recorded against the background of the time signal,
If a recorder is available with a variable speed, the
fastest recording speed should be used. It can then be
played back at the slower speed to break the seconds up
more accurately. The recorder used for this project
allowed approximate quarter seconds to be determined.
Exposure - The exposures for the satellite films
were approximately 5 seconds at f/5.6. The film used was
Plus X .;x.M 125), a medium speed and very high acutance
film. This is sufficient exposure to produce definite
star and satellite trails but minimize fogging and over
exposure of brighter stars and satellite images. If the
object is exceptionally bright and is over-exposed, a
scattering effect may result and produce indefinite trails,
Immediately after the satellite exposure, the
camera is not moved and a second exposure is made. This
is approximately a minute or more long so more definite
s :ar trails are produced. It should not be over five
r-iiutes, since longer star trails may cause confusion.
Inis serves two purposes. It will ease the star identi
fication procedure and solve any confusion as to which is
the satellite trail in the first exposure.
Processing - The film was processed in a Kodak
Versamat for the dark visual image and the ability to obtain
measurements rapidly.
Star identification - After processing, the films
are compared to the identified sketch made at the time of
exposure to identify the section of the star field we are
concerned with. This section is looked up in a star atlas;
thus, stars can be identified and constellations can be sketched
on the identification films.
#
The timing device will give the moment the shutter
opens and when the light first hits the film. As a result,
we must record the direction of star and satellite motions,
since we are concerned with only the very beginning of the
trails. Requirements for reference stars are that they must
be bright, recorded in the star atlas and catalog, and be
relatively close to the satellite trail.
Measurements - We must now find the north-south axis
of the celestial sphere on the film in relation to the stars
recorded. We then pick at least four well-known stars close
to the satellite trail. One of the stars will serve as the
origin of a north-south and east-west coordinate system and the
other three will be reference stars (more than three are pre
ferred). Plate constants are found, and -q (the standard
coordinates) are found, and finally right ascension and decli
nation are found for the satellite fix points, as described
by W. M. Smart.
-'-Smart, W.M., Textbook on Spherical Astronomy, Cambridge Uni
versity Press, England, 1962, pp 278-300.
The coordinates were measured from the film by a
Kodak contour projector. This projector has a precision of
about 0.0001 inch with an experienced operator.
Optical Fix: The information was then sent to the
Smithsonian Astrophysical Observatory for comparison to their
more accurate data. The data supplied to them consisted of
my position of observation (latitude and longitude), date of
observation, satellite observed, exact Universal Time of obser
vation and calculated right ascension and declination of the
satellite. The Smithsonian Astrophysical Observatory supplied
me with a right ascension and declination of the satellite
for my location and time of observation as calculated from
their more exact orbital data. The results are compared with
the Smithsonian data used as a standard.
RESULTS
Number
Observations Observations Standard
3 rd a.y=12 hr. 19 min. 46.95 sec.
d3=8 56' 26.16"
15 hr. 09 min. 15.24 sec.
28 47' 30.97"
k th a^=10 hr. 39 min. 46.98 sec.
d^=24 24' 31.24"
9 hr. 54 min. 24.708 sec.
41' 25.50"
5 th a ,-=12 hr. 42 min. 25.03 sec.
d,=68 50' 13.86"
12 hr. 36 min. 29.676 sec.
68 47' 34.72"
6 th a^=9 hr- 08 min. 17.82 sec.
d6= 37 42' 29.99"
9 hr. 02 min. 14.426 sec.
37 39* 41.83"
a=right ascension
d=declination
Number
Observations Variance of Observational a and d from Standard
3 rd __ a^=2 hr. 49 min. 28.29 sec.
A d3=19 51* 4.81"
4 th A a^= 45 min 22.27 sec.
A d^=96 05* 56.74"
5 th A,a^= 05 min 55.35 sec.
A d^= 02' 39.14"
6 th A a^= 06 min 03.39 sec.
A d6 02' 48.16"
The 3rd. and 4th. observations are not possible and
must be eliminated as erroneous calculations. The 5th. and
6th. are much closer to the standard and are within the same
range .
When a mistake of 1 second of arc in position is
estimated to be 20 feet along the orbital path of the satellite,
an error in feet is produced as shown below for the 5th and 6th
observations .
Number
Observations Error in feet of orbital path
5 th a-=1520 feet
d^= 50 feet
6 th
i
ag=l800 feet
#
dg= 60 feet
CONCLUSIONS:
The accuracy obtained by the 5th and 6th observations
is within 1800 feet along the orbital path of the satellite.
APPENDIX:
Critique of Procedure: Under Measurements , I found
the north-south celestial axis by a star map. A more accurate
method is to expose longer star trails while photographing the
satellite trail. Since the stars appear to move east to west
about the celestial north pole, a line tangent to the result
ing star trails will be the east-west axis recorded directly
on the film for easy measuring.
Significant sources of error: The largest source of
error is the limited timing device but this is difficult to
overcome due to the prices of accurate timing devices. Another
source is the instability of my camera and its inability to
record lower magnitude stars allowing reference stars to be
located closer to the satellite. trail.
I have some question as to the validity of my stan
dards of declination and right ascension. An error is possible
in my recording data which was sent to the Smithsonian, but
I doubt it. I suspect an error in the Smithsonian's calculations
since for the 4th observation, I was given a declination of
41' 25.50", which is not even visible from our latitude
and longitude.
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To Whom It May Concern:
I have attached a computer printout which shows various input and
output data which I have used to compute apparent satellite positions
with respect to their sky background.
In contrast to the first data made available to Mr. Weishaupt, these
positions seem more realistic, both from the positions anticipated given
the reference stars he used, and their location in the sky from his
observation site. They also, according to him, match quite well with his
calculations*
Two of the four positions I computed were in significant disagreement
with Mr. Weishaupt1 s positions. The first because I misread a "4" for a
"7" in the day of observation. The second was in disagreement because of
Mr. Weishaupt' s incorrect labeling of the satellite he was observing.
Simply by applying the proper set of orbital elements, the position became
not only realistic but in agreement with the observed position.
These corrections, then, have been done independently of Mr, Weishaupt' s
efforts and in no way have I attempted to influence or bias his results.
For the record, Mr.
Weishaupt' s first correspondence with the Observatory
was written on 3 April, 1967, and arrived on my desk on 13 April. My first
response was written on 26 April. I must admit that my work during the past
six months or so has been particularly demanding and that there were long
delays in my answers.
I am not in a position to evaluate Mr. Weishaupt' s efforts. Indeed, his
positions and their deviation from ours are appropriate and what we expect
given his equipment and techniques to generate, but I have not seen his compu
tations and do not wish to make judgments on such limited information.
I present this data for the record that Mr. Weishaupt' s efforts will
stand on their own merit or lack of it. Any questions pertaining to this
issue will be cordially answered. Of course, public information and coopera
tion are presumably legitimate functions of the Observatory, and if we can
To Whom It May Concern 
21 June, 1967 
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provide course material or information, we will also attempt to fulfill your 
requests. 
REY/dq 
Enclosure 
Sincerely, 
Robert E. Yorke 
Training Instructor 
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RESULTS
Number
Observations Observations Standard
3 rd
Echo I
a~=12 hr. 19 min. 46.95 sec
d3=8 56' 26.16"
12 hr. 18 min. 17,326 sec.
8 46' 02.89"
4 th
Echo I
a^=10 hr. 39 min. 46.98 sec,
d^= 24 24 31.24"
10 hr. 40 min. 50.846 sec.
24 35' 28.20"
5 th
Echo II
a ,-=12 hr. 42 min. 25.03 sec
d5=68 50f 13.86"
12 hr. 36 min. 29.676 sec
68 47' 34-72"
6 th
Echo II
a^=9 hr. 08 min. 17.82 sec,
d6=37 42' 29.99"
9 hr. 02 min. 14.426 sec.
37 39' 41.83"
a=right asc
d=declin9ti
ens ion
on
Number
Observations Variance of Observational a and d from Standard
*l
3 rd
Echo I
A a =01 min. 29.62
A d3=10' 23.27"
sec. =22* 24.30"
- Il
4 th
Echo I
A a^=01 min. 03.87
Ad^lO1 56.96"
sec. =15
58.05"
X
5 th
Echo II
A ac.=05 min. 55-35
Ad5=02' 39.14"
sec.=l28' 50.25"
6 th
Echo II
A a^=06 min. 03-39
Ad6=02' 48.16"
sec.=l 30' 50.85"
When a mistake of 1 second of arc in position is
estimated to be 20 feet along the orbital path of the satellite,
an error in feet is produced as shown below for the observations.
Number
Observations Error in feet of orbital path
3 rd a3= 448 feet
d3= 208 feet
4 th a_j= 320 feet
a_x 219 feet
5 th a5=1520 feet
d5= 50 feet
6 th a6=l800 feet
, . .,,..., ,,_,, ,.,,.- -. .. .I-
d6= 60 feet
CONCLUSIONS :
The accuracy obtained by the observations is within
1800 feet along the orbital path of the satellite.
APPENDIX:
Critique of Procedure; Under Measurements , I found
the north-south celestial axis by a star map. A more accurate
method is to expose longer star trails while photographing the
satellite trail. Since the stars appear to move east to west
about the celestial north pole, a line tangent to the result
ing star trails will be the east-west axis recorded directly
on the film for easy measuring.
Significant sources of error: The largest source of
error is the limited timing device but this is difficult to
overcome due to the prices of accurate timing devices. Another
source is the instability of my camera and its inability to
record lower magnitude stars allowing reference stars to be
located closer to the satellite trail.
Despite the hindrance of too few observations, my
data did produce results better than expected. Mr. Yorke and
myself were prepared to accept an accuracy of
2
or 3 as a success,
while only the right ascension of the 5th and 6th observations
exceeded
1
with the rest substantially below that.
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